On the basis or experimems Ihe oscillalor model has been cslnblished Tar individual NH vu~omers or porphyrins with asymmetrical subslirution. CNDO/Z calculations rxplain the inversion of' Q,,(O.O) and Q_,.(O.O) electronic transition intensities in NH !auIomers as a consequence 01 Ihe inversion or LUMO coefficicnu c, and c2 [or fixed x and _v molecular oscillators.
I_ Introduction
It is wel.l documented that the two inner hydrogcns (socalled NH protons) in free-base porphyrins show tautomerism, due to protons jumping from one pair of nitrogens to another [I J. But in symmetrical porphyrins NH tautomers are not d~t~~ished by structure and have identical electronic spectra. It has been shown by us recently that for a whole class of isocyclecontaining porphyrins spectral and energetic characteristics of individual NH tautomers differ greatly because of non-symmetrical substitution due to the isocyclic ring. Therefore they may easily be measured using normal electronic spectra in a tide temperature range (77-500 K) [2, 3] . Comparison of the ffuorescence and absorption spectra of two tautomers of one compound has revealed a spectral separation between their Su-S, transitions of as much as 380 cm-l, while that for So---S2 transitions can amount to ==800cm-1.
Moreover, it should be emphasized that the visible absorption spectra of tautomers show noticeable inversion of Q,(O,O) and Q,,(O,O) band intensities h-r every compound in going from one tautomer to another-
Finally, when methyl [4] or ethyl groups are attached to the opposed pyrrole rings of porphyrin molecules, similar peculiarities in the electronic spectra of the two tautomeric forms are obsenred in isotropic solutions at different temperatures (77400 K)_ 0 00!3-2614/85/S 03.30 0 EIsevier Science publishers B.V.
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So far the four-orbital model of porphyrin absorption electronic spectra I.51 has not taken into account the influence of NH tautomerism in non-symmetrical porphyrins on the frequencies and intensities of electronic transitions in the visible region. The theoretical consideration of this problem involves solving the fund~ent~ question of the absolute orientation of the electronic transition oscillators for each tautomer. First, the correspondence between the direction of the lowest absorption oscillator and that of the H-H axis connecting the NH protons must be found in the individual tautomeric forms.
In this paper, we present straightfo~ard experimental arguments which permit us to relate the real position of the H-H axis to the molecular oscillator axes determined by the substituents of different types (isocycle or alkyl groups) in the two NH tautomers.
We use this structural information as a basis for analysing the inversion of electronic Q,(O,O) and QY(O,O)
band intensities using the fourorbital model.
Experimental
Synthesis, purification and identification of the investigated compounds have been carried out in our laboratory (refs. [2, 3] , and references therein). The results of the ,Tectroscopic measurements as well as structural peculiarities of these compounds have also been reported [2] _ We consider the results obtained using as an example two compounds: 2,3,12,13-tetraethylporphyrin (TEP) and 31,5~-cycl0-5~-ethyl-10,15,2~~ipropylporphyr~ (TPPC), containing an isocyclic ring. The optical experiments were carried out in an EPIP mixture (diethyl ether, petroleum ether, isopropanol5:5:2) with a porphyrin concentration of 4 X 10-G to 4 X low5 M. In NMA investigations we used higher concentrations (=5 X 10V3 M) and dried solvents (CDCl, , CS, and tohrene-dg). for TPPC. It has been found that in all cases at 77 K the predominant component in solution (90%) was as a rule a tautomer with a short wave So-S1 transition (tautomer 1). 
Results and discussion
Ekctronic spectra
Tir,c NH-tautonzer stmcture
Determination of the location of internal protons in each tautomer of the investigated porphyrins with non-symmetrical substitution will result in definite correlations between tautomer spectra and their structures. Here WC present such information for TPPC. This compound has no alkyl substituents on the pyrrole rings and therefore, one is able to measure the constant of the spin-spin interaction of pyrrole ring protons with NH protons using a 'H NMR method (J= 1.8 Hz). Based on the complete assignment of signals in the lH NMR spectrum of TPPC and using double resonance and the Overhauser nuclear effect it has been found that in tautomer 1 the NH protons are located on the opposed pyrrole rings which are not bonded with the isocycle [6] . The experimental data obtained enable us to conclude that this is true for most isocyclecontaining porphyrins.
tion for porphyrins with non-symmetrical substitution. Furthermore, the theoretical consideration of this prob. lem for porphyrins with external substituents (namely, 2,3,12,13-tetramethylporphine [5]) did not take into account the existence of the two spectrally different NH tautomers which we have discovered for such compounds (see table 1).
In the case of TEP,usinglow-temperature lH NMR spectra it has been found that in the short-wave tautomer 1 the NH protons are fmed on the opposed pyrrole rings having alkyl substituents. Thus, we have now direct information as to which types of absorption spectra of individual tautomers correspond to a real distribution of NH protons in these forms.
Absolute on*entation of long-wave absorption oscillators in NH tautomers
In order to specify the behaviour of a system of molecular oscillators X and Y in non-symmetrical porphyrins as NH protons move through 90". i.e. when transition from tautomer 1 to tautomer 2 takes place, we investigated the dichroism d = (D,, -D, 
It is known [5,7] that in free-base porphyrins, due
When absorption spectra were recorded using a to the D, symmetry, the electric transition dipoles photometric beam polarized either parallel (II) or perin the X and Y directions are not equivalent and Q, pendicular (1) to the excited beam, the following basic and Q, absorption electronic bands are modelled by differences were observed: Di < Di whereas Di > Di mutually perpendicular linear oscillators X and Y pas-i.e. the dichroism of long-wave Q bands of the two sing through the pyrrole rings. Moreover, for both tautomers is opposite in sign (dl = -9%,d, = +6%).
symmetrical [7,8] and non-symmetrical [5,9] por-This remarkable result, as seen from fig. 1, seems to phyrins the oscillator of the long-wave absorption Q, have the following explanation: the oscillator of the band is believed to be oriented along the H-H axis, long-wave absorption band of tautomer 2 induced by and to rotate through 90° following the migration of polarized irradiation into the Q band of tautomer 1 the inner protons. The cyclic polyene model [lo] also must be parallel to the exciting light vector E, and, predicts band polarizations relative to the H-H axis-correspondingly, to the oscillator of the long-wave.Q, The only experimental work available to us [8] pre-band of tautomer I_ Hence, under central proton dissents evidence for correspondence of the long-wave placement the H-H axis rotates through 90" whereas absorption oscillator X to the H-H axis for the case the long-wave transition oscillator X presumably reof the symmetrical crystal tetraphenylporphine.
Never-mains fmed at the same pyrrole rings of both tautotheless up to now there has been no straightforward mers. Insofar as the electron distribution is not identical independent information confirming the Same situa-for each tautomer of the same compound, it is not excluded that the mutual displacement of oscillators X and Y may be slightly different. But as a whole the system of oscillators X and Y does not rotate through 90° in going from tautomer I to tautomer 2 in the compounds considered. 1 and fig. 2) 
Itrltcrpretation of h!H-tautomer visible
where A is an initial energy gap between B" and Q" (NMR, mass spectrometry and absorption spectra) permit us to confirm that a rhodo spectrum belongs to a Br derivative of TEP (or TMP) which is a byproduct in the synthesis of these compounds. 7-Br-TEP also has two tautomers with different spectra (table 1). Arguments of this type have been used by us to explain characteristic peculiarities in spectra of TPPC NH tautomers ( fig. 2) and were applied to understand the principal changes in the NH-tautomer visible absorption of the investigated porphyrins with an isocycle.
It may be concluded that difficulties in the theoretical treatment of spectral peculiarities of porphyrins with rr-acceptor substituents [9] are caused by the absence of detailed absorption and fluorescence excitation spectra of individual tautomers of these compounds.
The results of the present investigation serve as a basis for an up-todate theoretical interpretation of porphyrin electronic spectra.
